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EXECUTIVE SUMMARY

Current Status: The Carolina heelsplitter waslisted as endangeredon June 30, 1993. There are
only four known remaining populations ofthis species--twoin North Carolina and two in South
Carolina. The North Carolina populations are located in GooseCreek(PeeDeeRiver system)
and Waxhaw Creek (CatawbaRiver system)in Union County. In SouthCarolina,thereis one
population in theLynchesRiver(PeeDeeRiver system)in Lancaster,Chesterfield,andKershaw
Counties that extendsinto Flat Creek (a small tributary to the LynchesRiver) in Lancaster
County. The other South Carolina population occurs in Turkey Creek (SavannahRiver system)
and two ofits tributaries, Mountain and BeaverdamCreeks,in Edgefield County. The complete
historic range ofthe speciesis unknown, but available information indicates it was oncefairly
widely distributed in the Catawbaand PeeDee River systemsin North Carolina and the PeeDee
and SavannahRivers systems(and possibly the SaludaRiver system)in South Carolina.

Habitat Requirementsand Limiting Factors: Presently,the speciesis known to occur in short
streamreachesin only six small streamsandone smallriver. It is usuallyfoundin mud,muddy
sand,ormuddygravelsubstratesalongstable,well-shadedstreambanks(Keferl and Shelly
1988,Keferl 1991). However, live specimenswerefound in Mountain Creek in South Carolina,
in themainchannelof thestream,in arelativelycleansubstratecomprisedofsand,gravel,and
cobble. Thestabilityofstreambanksappearsto bevery importantto the species(Keferl 1991).
Water quality and habitat degradationresulting from impoundments and stream channelization
projects, point and nonpoint sourcesof siltation, and other pollutants appearto be major factors
in reducingthespecies’distributionandreproductivecapacity.Unlessnewpopulationsare
foundor createdandexistingpopulationsaremaintained,this specieswill likely becomeextinct
in the foreseeablefuture.

RecoveryObjective: Delisting.

RecoveryCriteria: Establishfour distinct viablepopulationsthat areprotectedfrom present
andforeseeablethreats,with at leastonepopulationeachin the Catawba,PeeDee,andSavannah
River systems,to downlist. Establishsix distinctviablepopulationsthat areprotectedfrom
presentandforeseeablethreats,with at leastonepopulationeachin theCatawba,PeeDee,and
SavannahRiversystems,to delist.

ActionsNeeded:

1. Useexistinglegislation/regulationsto protectthespecies.
2. Elicit supportfor recoveryeffortsthroughthedevelopmentandutilizationofan

information/educationprogram.
3. Searchfornewpopulationsandmonitorexistingpopulations.
4. Determinethespecies’life history,habitatrequirements,andthreats.
-5. Implementmanagementandalleviatethreatsto thespecies’existence.
6. Throughaugmentation,reintroduction,andprotection,establishsix viable

populations.
7. Developandimplementcryopreservationofthe species.
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Cost ($OOOs):

1998 5.5 5.5 6.0 25.0 25.0 30.0 8.5

1999 5.5 3.0 4.0 25.0 25.0 30.0 2.0

2000 5.5 0.0 0.0 0.0 25.0 10.0 2.0

2001 5.5 0.0 4.0 • 0.0 10.0 2.0

2002 5.5 2.0 0.0 0.0 10.0 2.0

2003 5.5 0.0 5.5 0.0 ? 0.0 2.0

2004 5.5 0.0 0.0 0.0 0.0 2.0

2005 5.5 2.0 5.5 0.0 ? 0.0 2.0

2006 5.5 0.0 0.0 0.0 0.0 2.0

*Habitat improvementcostsneededfor thespecies’recoverywill notbeknownuntil the

magnitudeof specificthreatsis determinedthroughresearch.

Dateof Recovery: The downlisting and delisting dates cannotbe estimatedat this time. As
musselsdo notreproduceuntil aboutage5, morethan 10 yearsis neededto document
reproductionandassessviability.

iv

1997 5.5 8.0 6.0

2007 5.5 I

25.0 0.0 30.0 8.5

0.00.0 5.5 0.0 2.0
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PART I

INTRODUCTION

The Carolina heelsplitter (Lasmigonadecorata)was listed as an endangeredspecieson June30,
1993 (U.S. Fish and Wildlife Service 1993). This freshwater musselinhabits cool, slow-moving,
small- to medium-sizedstreamsandrivers. TheCarolinaheelsplittercurrentlyhasavery
fragmented,relict distribution but historically wasknown from severallocationswithin the
Catawbaand PeeDeeRiver systemsin North Carolina and thePeeDee and SavannahRiver
systems,andpossiblytheSaludaRiversystem,in SouthCarolina. Thespeciesis presently
known to be surviving in only six streamsand one small river--Waxhaw Creek (CatawbaRiver
system)andGooseCreek(PeeDeeRiversystem),bothin Union County,NorthCarolina;
LynchesRiver (PeeDeeRiver system),in Chesterfield,Lancaster,andKershawCounties,South
Carolina; Flat Creek (PeeDeeRiver system),a tributary to theLynchesRiver, in Lancaster
County, South Carolina; and Turkey Creek (SavannahRiver system)and Mountain and
BeaverdamCreeks(tributariesto TurkeyCreek),all in EdgefieldCounty,South Carolina. The
specieshasbeenreducedto afew short reachesofeachofthesestreams,primarily asaresultof
impoundmentsandthegeneraldeteriorationof waterquality resultingfrom siltationandother
pollutantscontributedasaresultofpoorland-usepractices.

Description,Ecology,and Life History

TheCarolinaheelsplitterwasoriginallydescribedasUnio decoratusby Lea(1852). In 1970,
this specieswassynonymizedwith Lasmigonasubviridis(Conrad1835)by Johnson(1970).
Clarke (1985)recognizedthe Carolina heelsplitter as a distinct species,Lasinigonadecorata,and
synonymizedUnio charlottensis(Lea 1863)and Unio insolidus(Lea1872)with Lasinigona
decorata.

The Carolinaheelsplitterhasan ovate,trapezoid-shaped,unsculpturedshell. Theshellofthe
largestknownspecimenofthespeciesmeasures114.8millimeters(mm [4.6inches])in length,
39.0 mm (1.56inches)in width, and68.0 mm (2.7 inches)in height(Keferl 1991). Theshell’s
outer surfacevaries from greenishbrown to dark brown in color, and shells from younger
specimenshavefaintgreenishbrownorblackrays. Thenacre(insidesurface)is oftenpearly
whiteto bluishwhite, gradingto orangein theareaoftheumbo (Keferl 1991). However,in
older specimens,theentire nacremay be a mottled paleorange (Keferl 1991).

Becauseofits rarity, little is known ofthe biology ofthe Carolina heelsplitter. Historically, the
specieswasreportedfrom small to largestreamsandriversaswell asponds.Thepondsreferred
to in historic records are believedto have beenmill pondson someofthe smaller streamswithin
the species’historic range (Keferl 1991). Presently,the speciesis known to occur in only six
small streamsandonesmall river andis usuallyfound inmud,muddysand,ormuddygravel
substratesalongstable,well-shadedstreambanks(Keferl andShelly 1988,Keferl 1991).
However,in Mountain Creek in EdgefieldCounty, South Carolina, two live individuals were
foundnearthecenterofthestreamchannelin a relativelysilt-free substratecomprisedprimarily



of a mixture ofsand, gravel, and cobble (author’s personalobservation, 1995). It is conceivable
that this is thepreferred habitat type for the speciesand that in other areasdegradation ofthe
gravelly substrateshas restricted the speciesto lesssuitable habitats. The stability ofstream
banks appearsto be very important to the species(Keferl 1991).

Like otherfreshwatermussels,the Carolinaheelsplitterfeedsby filtering foodparticlesfrom the
water column. The specificfood habits ofthe speciesare unknown, but other freshwater mussels
have beendocumentedto feedon detritus, diatoms, phytoplankton, and zooplankton. The
reproductive cycleofthe Carolina heelsplitter is likely similar to that ofother native freshwater
mussels.Males releasesperminto the water column; the sperm are then taken in by the females
through their siphonsduring feeding and respiration. The femalesretain the fertilized eggsin
theirgills until the larvae(glochidia) fully develop. Themusselglochidiaarereleasedinto the
water,andwithin afewdaystheymustattachto theappropriatespeciesoffish, which arethen
parasitized for a short time while the glochidia developinto juvenile mussels. They then detach
from their fish hostnd sink to the streambottom where they continue to develop,provided they
landin a suitablesubstratewith thecorrectwaterconditions. TheCarolinaheelsplitter’slife
span,thefish hostspecies,andmanyotheraspectsofits life historyareunknown.

Distribution and Threats to Its Continued Existence

Priorto 1987 the Carolinaheelsplitterhadnot beenfoundsincethemid-19thcentury(Keferl and
Shelly1988, Keferl 1991). Historically,thespecieswascollectedfromtheCatawbaRiver,
MecklenburgCounty,NorthCarolina;severalstreamsandpondsin theCatawbaRiversystem
around the Charlotte areaofMeckienburg County, North Carolina; one small stream in the Pee
DeeRiver systemin Cabarrus County, North Carolina; one “pond” in the PeeDeeRiver system
in Union County,NorthCarolina;andanareain SouthCarolina(coveringportionsofboth the
Saludaand SavannahRiver systems)referred to only as the Abbeville District, a terminology no
longeremployed(Clarke1985,Keferl andShelly 1988,Keferl 1991). Therecordsfrom the
Abbeville District, SouthCarolina,werepreviouslybelievedto havebeenfrom theSaludaRiver
system(Clarke1985,Keferl andShelly 1988,Keferl 1991). However,asaresultofsurveys
funded by the U.S. Forest Service,a population of the Carolina heelsplitter was discoveredin the
springof 1995 in the SavannahRiver system(TurkeyCreekandtwo of its tributaries).
Therefore, thehistoric recordsfrom the Abbeville District mayhave been from either the Saluda
RiversystemortheSavannahRiver systemor both.

Recentcollectionrecords(Keferl and Shelly 1988,Keferl 1991,Alderman1995)indicatethat the
Carolina heelsplitter hasbeeneliminated from all but oneofthe streamsfrom which it was
known to havebeenoriginally collected. Only four populations ofthe speciesare presently
known to exist. One small remnant population occursin the CatawbaRiver systemin Waxhaw
Creek, a tributary to the Catawba River, in Union County, North Carolina; another small
populationoccursin ashortstretchofGooseCreek,atributaryto theRockyRiverin thePee
DeeRiver system,in Union County, North Carolina; a third, slightly larger population, survives
in theLynchesRivet, partofthePeeDeeRiver system,in Chesterfield,Lancaster,andKershaw
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Counties,South Carolina, and extendsinto Flat Creek, a tributary to the LynchesRiver in
— LancasterCounty, South Carolina. In the SavannahRiver systemthe speciesis known only from

Turkey Creek and two ofits tributaries, Mountain Creek and BeaverdamCreek, in Edgefield
County, South Carolina. No evidenceofa surviving population has been found in recentyearsin
the Saluda River system(Keferl 1991).

The decline in the speciesthroughout its range hasbeenattributed to severalfactors, including
siltation resulting from poorly implementedagricultural, forestry, and developmentactivities;
golf courseconstruction;roadconstructionandmaintenance;runoffanddischargeofmunicipal,
industrial, and agricultural pollutants; habitat alterations associatedwith impoundments,
channelization,dredging, and sand mining operations; and other natural and human-related
factors that adverselymodify the aquatic environment. Many ofthesesamefactors threaten the
remainingpopulationsofthespecies.

Waxhaw Creek and GooseCreek are small streamscontaining a limited amount ofsuitable
habitat for the Carolina heelsplitter (E. Keferl, Brunswick College,personal communication,
1991). Thetwo populationswithin WaxhawandGooseCreeksappearto beextremelysmall and
restrictedto a fewscatteredsiteswithin shortreachesof eachofthesecreeks.TheLynches
RiverfFlat Creek population also appearsto be relatively small and is restricted to a fewscattered
sitesalong shortreachesofthesestreams(Keferl, personalcommunication,1991). TheTurkey
Creek/MountainCreek/BeaverdaniCreekpopulationwasonly recentlydiscovered(Alderman
1995),and little is presently known about the status and abundanceofthe speciesin thesethree
streams.The low numberofindividualsandtherestrictedrangeofeachofthesurviving
populationsmakethemextremelyvulnerableto extirpationfrom a singlecatastrophiceventor
activity, suchas a toxic chemical spill or major channel alteration. Also, the existing and
potential future land-usesofthe surrounding area threaten thehabitat and water quality ofall four
populationswith increaseddischargeorrunoffofsilt, sediments,andorganicandchemical
pollutants.

Land-clearing and disturbance activities implementedwithout proper sedimentation control pose
a significantthreatto the species’continuedexistence.Musselsaresedentaryandarenotableto
movelong distancesto moresuitableareasin responseto heavysilt loads. Natural
sedimentationresultingfrom seasonalstormeventsprobablydoesnot significantlyaffect
mussels,but humanactivitiesoftencreateexcessivelyheavysilt loadsthat canhavesevere
effectson musselsand other aquatic organisms. Siltation has beendocumentedto adversely
affectnativefreshwatermusselsbothdirectly andindirectly. Siltationdegradeswaterand
substratequality, limiting theavailablehabitatfor freshwatermussels(andtheir fish hosts);
irritatesandclogsthe gills of filter-feedingmussels,resultingin reducedfeedingandrespiration;
smothersmusselsif sufficient accumulationoccurs; and increasesthe potential exposureofthe
musselsto otherpollutants(Ellis 1936,MarkingandBills 1979,Kat 1982). Ellis (1936)found
that lessthan1 inch ofsedimentdepositioncausedhigh mortality in mostmusselspecies.
Sedimentaccumulations that are lessthan lethal to adults mayadverselyaffect or prevent
recruitmentofjuvenilemusselsinto thepopulationthroughthedirectmortality ofjuvenile
musselsoreffectsto thespecies’fish host(s).
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The stabilityofthestreambanksappearsto bevery importantto theCarolinaheelsplitter.Keferl
(1991)notedthathefoundthehighestconcentrationsofthe speciesin undercutsandalong
shadedbanksstabilizedwith extensivetreeroots, aburiedlog, or rocks. Development,road
construction,andotherland-clearingactivitiescanresultin increasedstorm-waterrunoff,
resultingin increasedscouringanderosionofthestreambanks.Clearingoftreesup to oralong
thestreambanksresultsin the destabilizationanderosionofthebanks.

Heavynutrientandpollutantloads(i.e., fertilizers,organicwastes,pesticides,heavymetals,oil,
salts,etc.)from wastewatertreatmentfacility effluents,agriculturalactivities(cropand
livestock),forestryoperations,urbanandruralresidentialandindustrialareas,highways,and
otherpoint andnonpointsourcesalsothreatenthecontinuedexistenceoftheremaining
populations.Thoughat presentthis appearsto be moreofaproblemin theLynchesRiverthan
in theotherstreams,it will likely becomemoreof athreatto theotherthreepopulationsas
developmentincreaseswithin theirdrainages.

In theearly1900s,Ortmann(1909)notedthat unionids(mussels)arethemostreliableindicator
ofstreampollution. KellerandZam(1991)concludedthatmusselsweremoresensitiveto
metalsthancommonlytestedfish andaquaticinsects. Thelife cycleofnativemusselsmakesthe
reproductivestagesespeciallyvulnerabletopesticidesandotherpollutants(Ingram 1957, Stein
1971, Fuller 1974,Gardnereta?. 1976).

Effluent from sewagetreatmentfacilitiescanbeasignificantsourceofpollution that can
severelyaffectthediversityandabundanceofaquaticmollusks. Thetoxicity ofchlorinated
sewageeffluentsto aquaticlife is well documented(Brungs1976,Tsai 1975,Bellancaand
Bailey 1977, U.S. EnvironmentalProtectionAgency1985,Goudreaueta?. 1988),andmussel
glochidiarankamongthemostsensitiveinvertebratesin theirintoleranceto toxicantspresentin
sewageeffluents(Goudreaueta?. 1988). Goudreaueta?.(1988)foundthattherecoveryof
musselpopulationsmaynot occurfor up to 2 miles belowthedischargepointsofchlorinated
sewageeffluent.

Impoundmentsarealsobelievedto be amajorfactorcontributingto thedeclineoftheCarolina
heelsplitter. LargeportionsoftheSavannah,Saluda,Catawba,and upperPeeDeeRiver systems
havebeenimpounded.Theeffectsof impoundmentson musselsarealso well documented.
Closureof damschangesthehabitatfrom alotic to lenticcondition. Depthincreases,flow
decreases,andsilt accumulateson thebottom. Fishcommunitieschange,andhost fish species
maybeeliminated. Musselcommunitieschange;speciesrequiringcleangravelandsand
substrateareeliminated(Bates1962). In addition,damsresultin thefragmentationof
populations,making thesurvivingisolatedpopulationsegmentsmorevulnerableto extirpation.

Exotic speciesposeanotherseriousthreatto theCarolinaheelsplitter. TheAsiaticclam
(Corbicu?afluminea),1 of204introducedmolluskspeciesin NorthAmerica(Dundee1969),
wasfirst discovered~ntheUnited Statesin theColumbiaRiver in Oregonin 1939. By 1972the
speciescouldbe foundin mostofthemajorriver systemsthroughouttheUnitedStates
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(Fuller andPowell 1973). Corbicu?aflumineahasbecomewell establishedin all ofthe streams
still supportingsurvivingpopulationsoftheCarolinaheelsplitter.Theextentofthethreatthat
C. flumineapresentsto theheelsplitterandothernativemusselpopulationsis presentlyunknown
andrequiresfurtherstudy. Many malacologistsareconcernedaboutthepossibilityof a
competitiveinteractionfor space,food,andoxygenbetweenC. flumineaandnativebivalves.
Competitionmaynot occuramongadultsbut, rather,atthejuvenilestage(NevesandWidlak
1987). Becauseofits restricteddistributionandapparentlow populationlevels,L. decoratamay
beunableto withstandvigorouscompetition.

Thezebramussel(Dreissenapo?ymorpha),anotherexotic freshwatermusselspecies,is anative
ofthedrainagebasinsoftheBlack,Caspian,andAral Seas.It wasfirst introducedintoLake
St. Clair in the mid- to late 1 980s. In only a few years it colonized all five of theGreatLakes
andis rapidlyexpandinginto thesurroundingriver basins,includingthoseoftheSouthAtlantic
Slope (O’Neill and MacNeill 1991). Many biologists believe the species may ultimately infest
mostareasofNorthAmericasouthofcentralCanadaandnorthoftheFloridaPanhandle
(O’Neill andMacNeill 1991). Dreissenapo?ymorphais aprolific breeder;onceestablishedin an
area,it attachesin largenumbersto any firm nontoxicsurface,including otherliving organisms
(i.e., crayfish,snails,othermussels,etc.)(O’Neill andMacNeill 1991). Numerouslive anddead
nativemusselshavebeenobservedcoveredwith extensivegrowthsofD. po?ymorpha,andthere
aresignsthatnativemusselpopulationsin LakeSt. Clair aredisappearingrapidly, coincident
with theD. po?ymorphacolonization(O’Neill andMacNeill 1991). Asidefrom thedirect
interactionsbetweenD. po?ymorphaandnativebenthicorganisms,thereis concernthatthe
tremendousfiltering activity exertedby high-densitypopulationsof thespeciescoulddisruptthe
naturalfoodchainandaffecttheentireaquaticcommunitiesofinfestedlakesandstreams
(Heberteta?.1991,O’Neill andMacNeill 1991,Weigmanneta?.1991).

Theintroductionofnonindigenousfish species can also result in significant disruption of the
aquaticcommunities. Theeffectsofpredationon endemicspeciesand/orcompetitionfor food
andbreedinghabitatbetweennonindigenousandnativefish speciescanresultin drasticdeclines
or the elimination of the native fish fauna, including species necessary for the Carolina
heelsplitterandotherendemicmusselsto completetheirreproductivecycles.
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PART II

RECOVERY

A. RecoveryObjectives

Theimmediategoalofthis recoveryplanis to maintaintheonly knownsurviving
populationsofL. decorataandto protectits remaininghabitatfrom presentandforeseeable
threats.As statedpreviously,thereareonly fourknownsurviving populationsofthis
species--twoin NorthCarolinaandtwo in SouthCarolina. Ofthese,only theSouthCarolina
populationsappearto be relativelyhealthy(thetwo NorthCarolinapopulationsareextremely
small). Lackofproperprotectionandmanagementofthesepopulations,particularlythetwo
populationsin South Carolina,will precluderecoveryoftheCarolinaheelsplitterandwill
ultimatelyleadto the species’extinction.

Theintermediategoalofthisrecoveryplan is to restoreandmaintainL. decoratathroughout
a significantportionofits historicrangein theCatawba,PeeDee, Savannah,andSaluda
Riversystemsandto downlistthe speciesfrom endangeredto threatenedstatus. Thoughthe
ultimategoal is to recoverthespeciesto thepointwhereit canberemovedfrom theFederal
List ofEndangeredandThreatenedWildlife andPlants,full recoveryoftheCarolina
heelsplittermaynotbepossible.Thespeciesappearsto haveaveryrestricteddistribution,
andmuchofthehabitatwithin its knownhistoric rangemaynot be suitablefor
reintroductions.

TheCarolinaheelsplitterwill beconsideredfor downlistingto threatenedstatuswhenthe
likelihood of thespecies’becomingextinctin theforeseeablefuturehasbeeneliminatedby
theachievementofthe following criteria:

1. Throughprotectionofexistingpopulations,successfulestablishmentofreintroduced
populations,orthediscoveryofadditional populations,atotal offourdistinct viable
populationsexist. A viablepopulationis definedasanaturallyreproducingpopulation
that is largeenoughto maintainsufficientgeneticvariationto enableit to evolveand
respondto naturalenvironmentalchanges.Thenumberofindividualsneededto reacha
viablepopulationwill be determinedasoneoftherecoverytasks. Thesefourpopulations
mustbedistributedthroughoutthespecies’knownhistoric range,with atleastone eachin
theCatawba,PeeDee,andSavannahRiver systems.Also, thesepopulationsmustbe
extensiveenoughthat it is unlikely thatasingle eventwould eliminateorsignificantly
reduceoneormoreofthem.

2. Two distinctnaturallyreproducedyearclassesexistwithin eachofthefourpopulations.
Oneoftheseyearclassesmusthavebeenproducedwithin the 5 yearsprior to thetime the
speciesis reclassifiedfrom endangeredto threatened.Within theyearprior to the
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downlistingdate,gravidfemalesandthemussel’shost fish mustbepresentin each
populatedriver/streamreach.

3. Biologicalandecologicalstudieshavebeencompletedandany requiredrecovery
measuresdevelopedandimplementedfrom thesestudiesarebeginningto showsignsof
success,asevidencedby anincreasein populationdensityand/oranincreasein the length
oftheriver reachinhabitedby eachofthefourpopulations.

4. Wherehabitathasbeendegraded,noticeableimprovementsin channelstability,waterand
substratequality, andassociatedbiotahaveoccurred.

5. Eachofthesefourpopulationsandtheirhabitatsareprotectedfrom anypresentand
foreseeablethreatsthatwould jeopardizetheircontinuedexistence.

TheCarolinaheelsplitterwill beconsideredfor removalfrom EndangeredSpeciesAct
protectionwhenthe likelihoodofthespecies’becomingthreatenedin theforeseeablefuture
hasbeeneliminatedby theachievementofthefollowing criteria:

1. Throughprotectionof existingpopulations,successfulestablishmentofreintroduced
populations,orthediscoveryof additionalpopulations,atotalofsix distinct viable
populationsexist. Thesepopulationsmustbedistributedthroughoutthespecies’known
historic range,with at leastoneeachin theCatawba,PeeDee,and SavannahRiver
systems.(If additionalevidenceis foundindicatingthatthe Carolinaheelsplitteralso
historically occurredin theSaludaRiver system,thenthis river systemshouldalsobe
addedto thelist.) Also, thesepopulationsmustbe extensiveenoughthatit is unlikely that
asingleeventwouldeliminateor significantly reduceoneor moreof them.

2. Threedistinct,naturallyreproducedyearclassesexistwithin eachofthesix populations.
Oneoftheseyearclassesmusthavebeenproducedwithin the 10 yearsprior to the
recoverydateandanotheryearclasswithin the5 yearsprior to therecoverydate. Within
theyearprior to therecoverydate,gravidfemalesandthemussel’shostfish mustbe
presentin eachriver.

3. Studiesofthemussel’sbiological andecologicalrequirementshavebeencompletedand
recoverymeasuresdevelopedandimplementedfrom thesestudieshavebeensuccessful,
asevidencedby an increasein populationdensityand/oran increasein the lengthofthe
river reachinhabitedby eachofthesesix populations.

4. Wherehabitathasbeendegraded,noticeableimprovementsin channelstability,waterand
substratequality, andassociatedbiota haveoccurred.

5. Eachofthesesixpopulationsandtheirhabitatsareprotectedfrom anypresentand
foreseeablethreatsthatwould jeopardizetheircontinuedexistence.
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C. Narrative Outline

1. Maintain theexisting populations and habitat of theCarolina heelsplitter. At present
there are only four known surviving populations ofL. decorata--oneeach in Waxhaw
CreekandGooseCreekin Union County, North Carolina; one in a short reach ofthe
LynchesRiveralongthecountylinesofChesterfield,Lancaster,andKershawCounties,
SouthCarolina,extendingintoFlat Creekin LancasterCounty,South Carolina;andonein
TurkeyCreekandtwo ofits tributaries,MountainandBeaverdamCreeks,in Edgefield
County,SouthCarolina. If thespeciesis to surviveandexpandits range,protectionofthe
existingpopulationsandremainingareasofsuitablehabitatis vital. Unlessimmediate
stepsaretakento stopthedeclineof thespeciesandprotectandsecuretheserelict
populations,thespecieswill likely beextinctin theverynearfuture.

1.1 Useexisting legislation and regulations (Federal EndangeredSpeciesAct

.

Federaland Statewater quality regulations. stream alteration regulations

.

surfacemining laws.etc.)to protect thespeciesand its habitat. Prior to and
during implementationofthis recoveryplan,thepresentpopulationscanbeprotected
only by full enforcementofexisting lawsandregulations.Unlessthis objectiveis
met, anyrecoveryactivitieswouldbeessentiallymoot. Habitatandwaterquality
degradationhaveseverelyreducedthespecies’rangeandcontinueto threatenthe
only remainingpopulations.Completecompliancewith Federaland Statelawsand
regulationsdesignedto protectwaterandhabitatquality mustbe ensuredif the
Carolinaheelsplitteris to survive.

1.2 Work with appropriate Federal and Stateregulatory and review agenciesto
identify and assessprojects and/or activities that could have negativeeffectson
the speciesand to ensureincorporation of measuresfor protecting thespecies
and its habitat into such activities. Through Section7 ofthe Endangered Species
Act, the Fish and Wildlife Coordination Act, Clean Water Act, etc.,Federal and State
regulatory and reviewagenciesmust work togetherto carefully evaluateand identify
actionsandactivitieswith thepotentialto adverselyaffectthespeciesand its habitat.
Onceimpactshavebeenidentified,regulatory/permittingagenciesmustbe
encouragedto utilize theirauthoritiesto ensurethatthespeciesandits habitatare
adequatelyprotectedfrom suchactivities.

1.3 Solicit help in protectingandenhancingthespeciesandits essentialhabitat

.

Assistanceandsupportofconservationgroups,local governments,andregionaland
local plannerswill beessentialin meetingthegoalofrecoveringtheCarolina
heelsplitter.Also, thesupportof local industrial,business,silvicultural, and
agriculturalcommunities,aswell aslocal residents,will beneeded.Construction,
forestry,andagricultural“bestmanagementpractices”mustbeimplementedby all
landowners,andNationalPollutionDischargeEliminationSystemPermitcompliance
mustbeencouragedandenforced.Local land-useplanningis neededto protectwater
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resources,andindividualsneedto beinformedasto why andhowthey shouldprotect
creeksandrivers. Withouta commitmentfrom thelocal peoplewho havean
influenceonhabitatquality in thestreamsinhabitedby thespecies,recoveryefforts
will bemetwith little success.

1.3.1 Meet with local governmentofficials and regional and local plannersto
inform them ofour plans to attempt recovery and solicit their support for
protection ofthe speciesand its essentialhabitat

.

1.3.2 Meetwith local business,farming. logging. mining, and industry interests
and elicit their support in implementingprotective actions

.

1.3.3 Developan educationalprogram using such items asslide/tapeshows

.

brochures.etc. Presentthis material to businessgroups. civic groups

.

schools.church organizations.etc. Educationalmaterialoutlining the
recoverygoalsandemphasizingthebenefitsofmaintainingandupgrading
habitatquality will be extremelyusefulin infonningthepublic of ouractions
andimplementingTasks1.3.1 and1.3.2.

1.4 Encouragethe establishmentof musselsanctuaries,protectivewater quality
designations.stream buffer zones.and other protection strategiesasa meansof
Drotecting presentand reintroduced populations. The U.S. Fish and Wildlife
Serviceshould work with theU.S. Environmental Protection Agencyand appropriate
Stateagenciesin NorthCarolinaandSouthCarolinato havespecialstatusassignedto
river andstreamreachesinhabitedby thespeciesthatwould provideincreased
protectionto theCarolinaheelsplitter.Theyshouldalso work togetherto identify
potentialsourcesofwatercontaminationwithin thePeeDee,Catawba,andSavannah
Riversystemsanddeterminemeasuresfor reducingand/oreliminatingthesesources.

1.5 Consider and. if necessary.useland acquisition asa meansof protecting the
species’essentialhabitat

.

2. Determinethreats to thespecies.conductresearchnecessaryfor thespecies

’

managementand recovery, and implement managementactionswhere needed

.

2.1 Conduct life history researchon thespecies.to include such factors as
reproduction. food habits. ageand growth. and mortality rates.and characterize
thespecies’habitat requirements (relevantphysical. biological, and chemical
components)for all life history stages.Researchshould be doneto determinethe
time and duration ofthe spawning season,whenfertilization occurs,howlong
glochidiaareheld in the females’marsupia,time ofyeartheyarereleased,andthe
requiredfish host(s). Fertilizationrateshouldalsobeinvestigated.Detailed
knowledgeof thehabitatrequirementsofthespecies;communitystructuresof
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associatedmusselandfish species;andhowthesebiotic andabioticfactorsaffect
reproduction,growth,andmortality ratesoftheCarolinaheelsplitterareneededin
orderto focusmanagementandrecoveryeffortson specificproblemswithin the
species’habitat. Unlessthelife cycleandenvironmentalrequirementsof all life
historystagesofthespeciesaredefined,recoveryeffortsmaybe inconsequentialor
misdirected.

2.2 Identify and eliminate current and future threats to thespecies’survival. Water
quality andhabitatdegradationresultingfrom siltationandotherpollutantsfrom
numerouspoint andnonpointsourcesappearto be majorfactorsin thereductionof
thespecies’throughoutits range. Thenatureofandmechanismsby whichtheseand
otherfactorsimpactthespeciesarenot entirelyunderstood.Theextentto which the
speciescanwithstandtheseadverseimpactsis unknown. To minimizeandeliminate
thesethreats,wherenecessaryto meetrecovery,theinformationgatheredin Task2.1
mustbeusedto targetandcorrectspecificproblemareasanddeterminethe specific
causativeagent(s).

2.3 Investigaterelationships with nonindigenousspeciesand prevent
introduction/spread. Of rising concernamongmalacologistsis the potential effect
ofthe introduced Asiatic clam (Corbicu?afluminea)on native freshwater mussels.
Also, anotherexoticclam, thezebramussel(Dreissenapo?ymorpha),hasrecently
invadedtheGreatLakesandadjacentriver systems. Adverseimpactsto endemic
musselshavebeennoted.Thezebramusselhasnotyet beenobservedin the Saluda,
Catawba,or PeeDeeRiver systems.However,thespecieshasspreadrapidly from
the GreatLakesareainto surroundingdrainagebasins,andit is expectedto invade
otherbasinsin thenearfuture. Establishedpopulationsofintroducedfish species
mayalsoposea significantthreatto thesurvivalof theCarolinaheelsplitterby
displacingthenativefish fauna,therebyaffectingtheheelsplitter’sreproductive
cycle. Therelationshipbetweenthesenonindigenousspeciesandthenativefauna
shouldbe thoroughlyinvestigated,andmeasuresshouldbe implemented(where
feasible)to minimize theirimpactandcontroltheirexpansion.

2.4 Basedon thebiological data and threat analyses.investigatethe needfor
management.including habitat improvement. Implement managementactions
where neededto secureviable populations. Specificcomponentsofthe Carolina
heelsplitter’shabitatmaybe lacking,andthis maylimit the species’potential
expansion.Habitatimprovementprogramsmaybeneededto alleviatelimiting
factors.

2.5 Determinethe number of individuals required to maintain a viablepopulation
and thegeneticviability of existingpopulations. Long-term managementof
Carolina heelsplitter populations will require a knowledgeofthe geneticcomposition
ofeachpopulation, thenumber of individuals necessaryto maintain geneticviability,
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andan understandingofthefactorsthataffectviability. If possible,suchstudies
shoulddevelopandusetechniquesthatminimize thesacrificeofindividualsfrom
naturalpopulations(examplesincludesalvageandanalysisof individualskilled
incidentallyorcollectedfrom freshmuskratmiddens;nonlethalanalysisof
individuals,using small, excisedtissuesamples;productionofanexperimental,
culturedpopulation;andthedevelopmentofthesetechniques,usingmorecommon
surrogatespecies).

3. Searchfor additional populations and/or habitat suitable for reintroduction efforts

.

It is possiblethat somerelic populations have beenmissed,and further study mayyield
additionalpopulationsand/orsuitablehabitatforreintroductions.Also, surveysare
neededto recordandmonitorany futurerangereductionsor expansions.

4. Determinethe feasibility of augmentingextantpopulations and reestablishing
populations within the species’historic rangeand reintroduce where feasible

.

Presentlythereareonly fourknownremamingpopulationsofthe Carolinaheelsplitter.
Two of thesepopulations--WaxhawCreekandGooseCreek--appearto be extremely
small. For thespeciesto survive,it will likely benecessarythatthesepopulationsbe
supplementedto enablethemto reachaviable size. Thecompletehistoricrangeofthe
speciesis unknown,but availableinformationindicatesit onceoccurredin several
locationswithin the CatawbaandPeeDee RiversystemsinNorthCarolinaandthePee
DeeandSavannahRiversystems(andpossiblytheSaludaRiversystem)in South
Carolina. Theremaybeareaswithin thespecies’historic rangethat couldsupport
reestablishedpopulations.However,becausethetwo SouthCarolinapopulationsare
presentlytheonly sourcesofindividualsfor transplantsandarethemselvesrelatively
small, it is vital thatthesepopulationsbeprotectedin orderforthemto increasein size
beforeanytransplantsusingindividualsfrom thewild areattempted.

4.1 Determine theneed.appropriateness,and feasibility of augmentingand
expandingexistingpopulations. The two SouthCarolinapopulationsofthe species
maybe able to expand naturally if environmental conditions are improved and
maintained.However,evenif conditionsare improved in the GooseandWaxhaw
Creeks,thesepopulationsmaybetoo small to expandnaturallyandwill likely needto
besupplementedin orderto continueto surviveandreachaviable size.
Implementationofthis taskwill bebasedon populationsize,habitatquality, andthe
likelihoodoflong-termbenefitsfrom thetask.

4.2 Developa successfultechniquefor reestablishingand augmentingpoDulations

.

SufficientspecimensofL. decorataarenot currentlyavailableto allow for the
translocationofenoughindividualsofthespeciesto reestablishviablepopulations.
Thereis an immediateandurgentneedto developtechniquesfor propagatingand
holdingmusselsforprolongedperiodsandrearingjuvenilesto a sizeandageat which
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theycanbe successfullytransplanted.Reintroductiontechniquesmustalsobe
developedto ensuresuccess.

4.3 Coordinatewith appropriate Federaland Stateagencypersonnel. local
governments,and interestedparties to identify habitat suitable for augmentation
and reintroductions and thosemost easilyprotected from further threats

.

4.4 Augment existingpopulations where needed.establishnew populationswithin
thespecies’historic range. and evaluatesuccess.Usingtechniquesdevelopedin
Task 4.2, introduceandmonitorsuccess.

4.5 Implement thesameprotective measuresfor any introduced populations as
outlined for establishedpopulations

.

5. Developand implement cryogenic techniquesto preservethe species’genetic
material until such time asconditions are suitable for reintroduction. Artificial
propagation techniquesmaybe able to providejuvenilemusselsfor transplants.However,
at this time habitat conditionswithin the species’historic rangemay not be suitable for
reintroduction to succeed.Cryogenic preservationoftheCarolinaheelsplittercould
maintaingeneticmaterialfrom all theextantpopulationsuntil habitatis suitablefor
reestablishmentofthespecies(muchlike seedbanksfor endangeredplants).
Additionally, if apopulationwaslost to a catastrophicevent,suchasatoxic chemical
spill, cryogenicpreservationcouldallow fortheeventualreestablishmentofthe
populationusinggeneticmaterialpreservedfrom thatpopulation.

6. Developandimplementa programto monitorpopulationlevelsandhabitat
conditions of existing populations.aswell asnewly discovered.introduced, or
expandingpopulations. During and after recoveryactions are implemented,the statusof
the speciesand its habitat mustbe monitoredto assessany progresstowardrecovery.
Quantitativesamplesshouldbe takento determinedensitiesofadultsandjuveniles. A
concertedeffort shouldbe madeto find gravidfemalesandjuvenilesin orderto determine
if reproductionandrecruitmentareoccurring. Monitoring shouldbeconductedon a
biennialschedule.

7. Annually assessoverall successof the recovery program and recommendaction
(changesin recoveryobjectives.delist. continue to protect. implement new measures

.

other studies.etc.~. Therecoveryplanmustbe evaluatedperiodicallyto determineif it is
on track and to recommend futureactions. As moreis learnedaboutthespeciesand as
conditions change,recovery objectivesmay needto be modified.
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PART III

IMPLEMENTATION SCHEDULE

Priorities in column oneofthe following Implementation Scheduleare assignedas follows:

1. Priority 1 - An action that mu~I be takento prevent extinction or to prevent the species
from declining irreversibly in thef~j~ future.

2. Priority 2 - An action that must be taken to prevent a significant decline in species
population/habitat quality or someother significant negativeimpact short of
extinction.

3. Priority3 - All other actions necessaryto meet the recoveryobjective.

Key to Acronyms Usedin This Implementation Schedule

COB - U.S. Army Corps ofEngineers
EPA - U.S. Environmental Protection Agency
ES - Ecological ServicesDivision ofthe U.S. Fish and Wildlife Service
FS - U.S. Forest Service
FWS - U.S. Fish and Wildlife Service
LE - Law EnforcementDivision ofthe U.S.Fish and Wildlife Service
NRCS - U.S.NaturalResourcesConservationService
R4 - Region4 (SoutheastRegion),U.S. Fishand Wildlife Service
SCA - StateConservationAgencies- In NorthCarolina,thesearetheNorthCarolina

DepartmentofAgriculture;NorthCarolinaDepartmentofEnvironment,Health,and
NaturalResources;North CarolinaDivision ofParksandRecreation;andNorth
CarolinaWildlife ResourcesCommission.In SouthCarolina,theSouthCarolina
DepartmentofAgriculture, SouthCarolinaDepartmentof HealthandEnvironmental
Control,andSouth CarolinaDepartmentofNaturalResources.

TNC - TheNatureConservancy

16



CAROLINA HEELSPLITTERIMPLEMENTATION SCHEDULE I
]ResponsibleAgency

Priority
Task

Number TaskDescription
Task

Duration JFWS Other
CostEstimates(SOODs)
FYi FYZFY3 Comments

II Utilize existing legislation and
regulations to protect the
species and its habitat.

Continuous R4IES
and LE

COE, EPA, FS,
SCA

2.5 2.5 2.5

1.2 Workwith appropriate Federal
and State agencies to identify
actions that could negatively
affect the species and
incorporate protective
measures into such actions.

Continuous R4IES COE, EPA, FS,
SCA, NRCS

3.0 3.0 3.0

1.4 Encourage establishment of
outstanding resource water
designations and other
protective strategies as a
means of protecting the
species.

Ongoing R4IES COE, EPA, FS,
SCA, mc, NRCS

??? ???

2.1, 2.2,
2.3

Conduct research necessary for
species’ management and
recovery; i.e., habitat
requirements, biology, and
threat analyses.

3 years R4IES SCA, FS 25.0 25.0 25.0

2 1.3.1, 1.3.2 Meet with local government
officials and business interests
and elicit their support for
recovery.

3 years R4/ES COE, EPA, FS,
SCA, TNC,NRCS

3.0 2.0 1.0

2 1.3.3 Develop information and
education program and
present.

Ongoing R4JES SCA, TNC,FS 5.0 3.5 2.0 Task duration: 1 year
to develop, then
continuous.

2 1.5 Consider use of land
acquisition to protect the
species.

Ongoing R4IES SCA, TNC, FS ??? ???
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CAROLINA HEELSPLITTERIMPLEMENTATION SCHEDULE(continued)

ResponsibleAgency CostEstimates(SOOOs~
Comments

25.0 25.0 Priority 1, 2, or 3,
dependingon resultof
2.1,2.2, and 2.3.

Priority

See
~omments

Task
Number

2.4

TaskDescription
Task

Duration j_FWS Other

2 years R4/ES COE, EPA, FS,
SCA, NRCS

FYi FY2 PY3

Based on biological and threat
analyses, investigate need for
management and implement
where needed.

2 2.5 Determine number of
individuals required to
maintain viable population.

1 year R4IES
and LE

Contract

2 3 Search for additional
populations and suitable
habitat for reintroductions.

Ongoing R4IES FS, SCA, or
Contract

6.0 6.0

2 4 Develop artificial holding and
propagation techniques;
reintroduce species into
historic habitat; and, if needed,
augment existing populations.

Ongoing R4IES Contract 30.0 30.0 30.0 Task duration: 3 years
(protection continues).

2 5 Develop and utilize
cryopreservation techniques.

Ongoing R4IES Contract 8.5 8.5 2.0

2 6 Develop and implement a
monitoring program.

Ongoing R4IES FS, SCA 4.0 Biennial.

3 7 Annually assess recovery
program and modify program
and plan where required.

Ongoing R4IES FS, SCA
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PART IV

LIST OF RECIPIENTS

Thefollowing agencies,organizations,andindividualsweremailedcopiesof thisrecoveryplan.
Thisdoesnot imply thattheyprovidedcommentsor endorsedthecontentsofthis plan.

Mr. JackE. Ravan
RegionalAdministrator
EnvironmentalProtectionAgency
345 CourtlandStreet,NE.
Atlanta,Georgia30365

*Ms. KatherineSkinner,Director

TheNatureConservancy
NorthCarolinaChapter
4011 UniversityDrive, Suite201
Durham,NorthCarolina27707

Ms. ChrysBaggett
The StateClearingHouse
NorthCarolinaDepartmentofAdministration
116 W. JonesStreet
Raleigh,NorthCarolina27611

Mr. ElmerWhitten,Director
TheSouth CarolinaStateClearinghouse
Office oftheGovernor
P.O. Box 11450
Columbia,SouthCarolina29211

*Dr Bert Pittman
SouthCarolinaDepartmentofNaturalResources
HeritageTrustProgram
P.O.Box 167
Columbia,SouthCarolina29202

*TheNatureConservancy

P.O. Box 2267
ChapelHill, NorthCarolina27514
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Lt. Col. ThomasF. Julich
District Engineer
U.S.Army CorpsofEngineers
P.O. Box 919
Charleston, South Carolina 29402-0919

Lt. Col. Terry R. Youngbluth
District Engineer
U.S. Army Corps ofEngineers
P.O.Box 1890
Wilmington,NorthCarolina28402-1890

Mr. Jim Burnette,Jr.
NorthCarolinaDepartmentofAgriculture
PesticideSection
P.O. Box 27647
Raleigh,NorthCarolina27611

Division Administrator
FederalHighwayAdministration
310 NewBernAvenue,Suite410
Raleigh,NorthCarolina27601

Division Administrator
FederalHighwayAdministration
1835AssemblyStreet,Suite758
Columbia,SouthCarolina29201

Mr. R. SamuelHunt III
Secretary
NorthCarolinaDepartmentofTransportation
P.O. Box 25201
Raleigh,NorthCarolina27611-5201

Mr. PaulCobb
ChiefCommissioner
SouthCarolinaDepartmentofHighwaysand
PublicTransportation

P.O. Box 191
Columbia,SouthCarolina29202
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Mr. Ed Frierson
SouthCarolinaDepartmentofHighwaysand
PublicTransportation

P.O. Box 191
Columbia,SouthCarolina29202

CabarrusCountyManager
Courthouse
Box 707
Concord, North Carolina 28025

Union County Manager
Courthouse
P.O. Box 218
Monroe, North Carolina 28110

Mr. Tom Mitchell
Duke PowerCompany
285 Parham Road
York, South Carolina 29745

*Director

EnvironmentalManagementDivision
NorthCarolinaDepartmentofEnvironment,

Health,andNaturalResources
ArchdaleBuilding
512 NorthSalisburyStreet
Raleigh,NorthCarolina27611

*Mr CharlesR. Fullwood

ExecutiveDirector
North CarolinaWildlife ResourcesCommission
ArchdaleBuilding
512 NorthSalisburyStreet
Raleigh,NorthCarolina27611

*Dfrector

MuseumofNaturalSciences
AgricultureBuilding
1 WestEdentonStreet
Raleigh,North Carolina27611
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Chairman
ChesterfieldCountyCouncil
208 Market Street
Cheraw,SouthCarolina29520

Chairman
LancasterCountyCouncil
904 Charles Avenue
Lancaster,SouthCarolina29720

*Dr. EugeneKeferl

DepartmentofNaturalScience
BrunswickJuniorCollege
Brunswick,Georgia31523

U.S.GeologicalSurvey,WRD/SR
SpaldingWoodsOffice Park- Suite160
3850HolcombBridgeRoad
Norcross,Georgia30092-2202

*Dr. Arthur B. Bogan

36 VenusWay
Sewell,NewJersey08080

*Dr. David H. Stansbery
Ohio StateUniversity
MuseumofBiological Diversity
1315Kinnear Road
Columbus,Ohio 43212-1192

Director
Office ofHydropower Licensing
FederalEnergyRegulatoryCommission
825 NorthCapitolStreet,NE.
Washington,DC 20426

Kershaw County Council
1121 BroadStreet
Camden,SouthCarolina29020
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Mr. Carl Tucker
P.O.Box 7
Pageland,SouthCarolina29728

Ms. DebraOwen
NorthCarolinaDepartmentofEnvironment,
Health,andNaturalResources

WaterQuality Section
4401 ReedyCreekRoad
Raleigh,NorthCarolina27607

*Dr G. ThomasWatters

AquaticEcologyLaboratory
Ohio StateUniversity
1314KinnearRoad
Columbus,Ohio 43212

Mr. FrankTursi
ScienceReporter
Winston-Sa?emJourna?
418 N. Marshall
Winston-Salem,NorthCarolina27102

Mr. RobertAbernethy
HalliburtonNusEnvironmentalCorporation
900 Trail RidgeRoad
Aiken, SouthCarolina29803

Mr. GlenGaines
SavannahRiver ForestStation
P.O.Box 710
New Ellenton,South Carolina29841

Mr. W. M. Baughman
WestvacoCorporation
1226CooperStoreRoad
MoncksCorner,SouthCarolina29461

*Dr ArthurClarke

325 E. Bayview
Portland,Texas78374

23



Mr. FredKinard
WestvacoCorporation
P.O.Box 1950
Summerville, South Carolina 29484

Mr. RobertWright
ResearchTriangleInstitute
P.O. Box 12194
ResearchTrianglePark,NC 27709

HaileMining Company,Inc.
P.O. Box 505
Kershaw,SouthCarolina29067

Mr. Larry Robinson
U.S. NaturalResourcesConservationService
1835AssemblyStreet,Room950
Columbia,South Carolina29201

Dr. Lynn Wike
SavannahRiverTechnologyCenter
Building 773-42A
Aiken, South Carolina29802

EnvironmentalProtectionAgency
HazardEvaluationDivision - EBB (T5769C)
401 M Street,SW.
Washington,DC 20460

ProjectManager(7507C)
EnvironmentalProtectionAgency
EndangeredSpeciesProtectionProgram
EnvironmentalFateandEffectsDivision
Office ofPesticidePrograms
401 M Street,SW.
Washington,DC 20460

Mr. RichOwings
NorthCarolinaArboretum
P.O. Box 6617
Asheville,NorthCarolina28816
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*Ms. LindaPearsall,Director

NorthCarolinaDepartmentofEnvironment,
Health,andNaturalResources

NaturalHeritageProgram
P.O. Box 27687
Raleigh,NorthCarolina27611

*Mr. RandyC. Wilson, SectionManager

NongameandEndangeredWildlife Program
NorthCarolinaWildlife ResourcesCommission
P.O. Box 118
Northside,NorthCarolina27564

*ProgramManager

Division ofBoatingandInlandFisheries
NorthCarolinaWildlife ResourcesCommission
ArchdaleBuilding
512N. SalisburyStreet
Raleigh,NorthCarolina27604-1188

Mr. Alan Smith
P.O. Box 887
MarsHill, NorthCarolina28754

*Dr. JamesLayzer

U.S.FishandWildlife Service
TennesseeCooperativeFisheryResearchUnit
TennesseeTechnologicalUniversity
Box 5114
Cookeville,Tennessee38505

*US ForestService

Wildlife, Fisheries,andRange
1720PeachtreeRoad,NW.
Atlanta,Georgia30367

Traffic U.S.A.
World Wildlife Fund
125024thStreet,NW., Suite500
Washington,DC 20037
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FishandWildlife ReferenceService
5430GrosvenorLane,Suite 110
Bethesda,Maryland20814

*lvfr TomKohlsaat

SouthCarolinaDepartmentofNaturalResources
P.O. Box 167
Columbia,SouthCarolina29202

Ms. ShirleyRuffin
SouthCarolinaElectricandGasCompany
EnvironmentalServicesDepartment
Mail Code175
Columbia,SouthCarolina29218

Ms. JulietMason
TetraTech,Inc.
4700King Street,Suite#500
Alexandria,Virginia 22302

Mr. Vernon Osteen
WestinghouseSavannahRiverCompany
Building 742A
P.O. Box 616
Aiken,SouthCarolina29802

Mr. EdwardS. Syij ala
P.O. Box 149
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